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(57) ABSTRACT

A workpiece accommodation device for purposes of accom-
modating a workpiece and for use in a device for the
machining of a workpiece with: a tool mounting for pur-
poses ol accommodating the tool, a workpiece accommo-
dation device for purposes ol accommodating the work-
piece, characterized in that during the machining process at
least one first oscillation component can be introduced 1n a
Z-direction, and an, in particular simultaneous, second oscil-
lation component can be introduced 1n an X- and/or Y-di-
rection by means of oscillation components.
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SYSTEM AND METHOD FOR MACHINING
A WORKPIECE

FIELD OF INVENTION

The present invention concerns a system for machining a
workpiece, and a corresponding method.

BACKGROUND OF INVENTION

At the present day semi-fimished products can be
machined using various production technologies in a short
period of time with very tight tolerances. The progress in the
chip-forming and chip-less machining of workpieces can
primarily be attributed to the rapid progress made 1n tool
technology and machine tool technology. A machine tool 1s
understood to be a machine that accommodates the tool and
guides the latter relative to a workpiece. The tool 1s the
component that 1s directly positioned against the workpiece
that 1s being machined, in order to machine the latter. A
multiplicity of different tools exist for various machine tools,
for example, drill bits, milling cutters, grinding wheels,
wires, chisels, thread cutters, etc.

The application of these tools ensues predominantly from
their area of deployment. This will be illustrated with the aid
of two simple examples.

Drill bits are, for example, tools that execute a rotational
movement about their cylindrical axis (tool axis), while they
are driven into the matenial with a feed rate parallel to the
axis of rotation (feed direction). As the result of the com-
bination of rotation and feed a tool-specific transport of
material ensues. With their cutting edge spiral drill bits
generate a chip that 1s transported by the spiral cutting edge
to the surface. The feed movement thereby drives the drill bit
ever deeper imto the workpiece, while the cutting edge
generates a chip 1n the drilled hole. Here the feed direction
1s 1dentical with the tool axis.

Milling cutter tools are also rotating tools, usually oper-
ating at high frequency, for purposes of chip-forming
machining. Depending upon the type of milling cutter,
however, a workpiece can be machined by a milling cutter
along more than one axis. In the same way as drill bits,
milling cutters possess tool-specific parameters, the knowl-
edge of which 1s indispensable for the rapid, eflicient, cheap,
and, above all, correct machining of a workpiece.

Grinding tools possess usually a plane surface, 1 particu-
lar, 1n the case of rotational movement, a circular surface.
With the application of pressure they are moved onto the
workpiece surface that 1s being machined, and remove the
workpiece material correspondingly from the whole surface.
Grinding pencils, 1n contrast, possess an abrasive sleeve
surface, and thus have a curved tool surface.

In addition to the three types of tools that have been cited
very many others also exist, all of which are manufactured
for very particular machining conditions. Although the tools
can be categorised with reference to their application, each
type of tool 1n turn possesses various forms of embodiment.
Thus, for example, roughing milling cutters exist for pur-
poses of roughing out, that 1s to say, for the rough machining
of workpieces, and finishing milling cutters exist for pur-
poses ol corresponding fine machining of the workpiece.
Moreover, the same tools can be produced from different
materials. It 1s obvious that workpieces of a particularly soft
material should be machined with a tool that possesses a
certain strength and hardness. In particular in the case of
high-strength materials, such as carbide and nitride ceram-
ics, 1t 1s ever more dificult to develop appropriate materials
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for the tools that are to be used for machining, since these
must possess a very high hardness, strength and, above all,
also toughness. The choice of the correct tool 1s therefore

decisive for an eflicient and correct machining of a work-
piece.

SUMMARY OF INVENTION

It 1s therefore an object of the present invention to
improve generic systems and methods such that lower tool
wear and correspondingly higher service lives can be
achieved, together with an increase of the machining speed,
that 1s to say of the chip volume, or material removal
volume, per unit of time.

This object 1s achieved with the features of the indepen-
dent claim(s). Advantageous further developments of the
invention are specified in the subordinate claims. All com-
binations of at least two of the features specified in the
description, the claims, and/or the figures, fall within the
framework of the invention. In the case of specified ranges
of values, values located within the limits cited should also
apply as limiting values and should be able to be claimed 1n
any combination.

The mvention concerns on the one hand a multiphase
material and a corresponding tool that 1s comprised of the
multiphase material, or has at least been coated with the
latter. In particular the multiphase material takes the form of
a two-phase material, that 1s to say, a material with precisely
two phases. In a very particular form of embodiment the said
two-phase material 1s a mechanical alloy. In the further
course of the patent reference 1s made explicitly to such a
two-phase material, although the inventive forms of embodi-
ment can also be executed with multiphase materials.

In particular, the two-phase material 1s comprised at least
ol a matrix material and diamonds embedded 1n the latter. It
1s particularly suitable for the machining of high-strength,
hard and ultra-hard materials. The tool 1s distinguished by
high wear resistance, long service lives, high feed rates, etc.
The mmventive tool operates particularly effectively 1f an
oscillating relative movement exists between the mventive
tool and the workpiece that 1s being machined. In accor-
dance with the imnvention, the tool has, on the other hand, a
particularly high efliciency 11 1t 1s used with a machine tool
that can allow the component (workpiece) that 1s being
machined to oscillate relative to the tool 1n an 1nclined plane,
the normal vector of which 1s not parallel to the tool axis
and/or to a feed direction of the tool.

The prior art discloses the importance, above all, of the
correct choice of tool for the workpiece that i1s being
machined 1n each case, together with the correct selection of
the machining parameters. In contrast to the above, the
invention concerns the construction and, above all, the
correct use, of a micro- and/or nano-structure of the tool
surface, which has a decisive influence on the machining of
the workpieces. This 1s primarily because the surface of the
tool represents the transfer surface between tool and work-
piece, and thus has a decisive influence on the transfer of
force and moment from the tool geometry onto the work-
piece surface. An advantage of the mvention includes the
more eifhicient machining of workpieces, above all, 1n its
iventive use on workpieces of high-strength, hard and
ultra-hard materials. A plurality of different testing methods
exist 1 the technology for determining the hardness grade of
materials For ceramic and/or sintered materials the hardness
measurement 1n accordance with Knoop 1s very often used.
Here the materials that can preferably be machined 1in
accordance with the mmvention preferably possess Knoop
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hardnesses higher than 1, preferably higher than 10, more
preferably higher than 100, even more preferably higher
than 1000, ideally higher than 5000. The Knoop hardness of

approximately 4800 for cubic boron nitride (cCBN) and the

4

workpiece for any kind of tool. However, as an inventively
preferred form of embodiment the imventive tool surface 1s
particularly eflicient on a cutting edge tool.

The tool can take the form, 1n particular, of one of the

Knoop hardness of approximately 7000 for diamond can 5 following forms of embodiment:

serve as comparative values.

Another hardness testing method 1s the Vickers method,
which 1s very similar to the Knoop method. The hardness
values cannot be transterred 1:1 between the Knoop and the
Vickers methods, but move over the same order of magni-
tude, According to Vickers, diamond possesses a hardness of
approx. 8000, cubic boron nitride of approx. 5000, boron
carbide of approx. 3700, silicon carbide of approx. 3500,
titanium boride of approx. 3450, aluminium oxide of
approx. 2100, chromium carbide of approx. 2100, zirconium
oxide of approx, 1200, chromium nitride of approx. 1100,
and titanium carbide of approx. 2200. In comparison with
the above, structural steel possesses a Vickers hardness of
only approximately 100.

For the person skilled in the art, all hardness testing
methods, their advantages and disadvantages, together with
conversion tables and formulae, are of known art. The
inventive method 1s preferably suitable for machining all the
above-cited materials 1n an extremely short period of time
(application).

In particular, the invention describes a surface of a tool,

and a method for optimal deployment of the tool with the
inventive surface for the machining of materials. The tool
surface 1s preferably used for the purpose of breaking up the
structure of hard and ultra-hard materials, for example,
carbide and/or nitride matenials. Inventive forms of embodi-
ment and methods can also have a positive effect on tough
materials, i particular metals. The mventive tools can be
fitted with cooling grooves, running, 1n particular, predomi-
nantly in the longitudinal direction, and/or in the form of a
spiral, so as to cool the surface efliciently.
In the context of the description of the mnvention no
differentiation 1s made 1n principle between chip formation
and the breaking up of a high-strength, low-toughness,
structure. Accordingly, in what follows the term “chip”,
together with the mherent meaning of the word, that 1s to
say, the chip of a material that can predominantly be
deformed plastically, 1s to be understood to include also the
grains that are broken out of a high-strength, low-toughness
microstructure. In accordance with the invention the term
“machining” includes machining with both geometrically
determinate and geometrically indeterminate cutting edges,
wherein its use for geometrically indeterminate cutting
edges 1s preferred 1 accordance with the invention. For
brittle materials the word “tearing chip” 1s very oiten used.
In general a diflerentiation can be made between the fol-
lowing types of chips:

tearing chip

shearing chip

flowing chip

lamellar chip

In accordance with the invention the machining of work-
pieces ol a granular material with a grain size distribution 1s
preferred.

The mventive tool surface i1s in particular a multiphase
tool surface, which 1s comprised of at least two components,
preferably a matrix material, and micro and/or nano frag-
ments embedded 1n the matrix material, which in what
tollows are designated as micro- or nano-chisels, or simply
just as chisels. The tool surface material 1s preferably a.
composite material. In principle the inventive tool surface
has a positive effect on the machining of the structure of a
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cutting edge tool, 1 particular

milling cutter, 1n particular
cylindrical milling cutter,
end face cylindrical milling cutter
prismatic milling cutter,
half-round profile milling cutter,
disk milling cutter,
angle milling cutter,
shank end milling cutter,
clongated hole milling cutter,
slot milling cutter,
groove milling cutter, or
clongated hole milling cutter,

drill hit, in particular
thread-cutting tap,
spiral drill bit, or
stepped drill bat,

lathe tools, 1n particular
lathe chisel

reamet,

chisel, or

saw,

grinding tool,

general tool parts, 1n particular

indexable cutting insert

For the matrix material one of the following material
groups 1s preferably selected in accordance with the inven-
tion:

alloys, 1 particular

steel, 1 particular
tool steel, in particular
high-speed steel (HSS),
hot-working steel, and/or
cold-working steel
carbides, and/or
refractory metals, and/or
metal matrix composite materials (MMC), and/or
solders
metals, 1n particular
crystalline metals, and/or
quasi-crystalline metals, and/or
amorphous metals (metallic glasses),

ceramics, and/or

carbon fibre composite material.

In particular the micro-chisels are fixed 1n position with
solder.

The chisels comprise in particular a material with a
hardness (on the Mohs hardness scale) greater than 7,
preferably greater than 8, and/or a hardness (Rockwell
hardness) greater than 60, preferably greater than 63. Pre-
ferred hardness data in accordance with Vickers 1s more
accurate. The Vickers hardness of the chisel 1s greater than
10, preferably greater than 100, more preferably greater than
1000, even more preferably greater than 5000, at best of
equal magnitude as, or greater than, the Vickers hardness of
diamond. The chisels are preferably comprised of one of the
following materials or one of the following classes of
material:

minerals, 1n particular

clemental forms, preferably
diamond,

alloys, 1n particular steel, in particular
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tool steel, 1n particular
high-speed steel (HSS), and/or

hot-working steel, and/or
cold-working steel,
carbides, and/or
refractory metals, and/or
metal matrix composite materials MMC),
metals, 1 particular
crystalline metals, and/or
quasi-crystalline metals, and/or
amorphous metals (metallic glasses),

ceramics, 1n particular S1C, S1;N,, and/or

glass, 1n particular quartz and/or

carbon fibre composite materal.

In accordance with the invention the chisels preferably
take the form of diamonds.

With the mventive form of embodiment all types of
structures can be machined 1n principle. In particular, how-
ever, the inventive form of embodiment 1s suitable for
high-strength materials with a micro- and/or nano-crystal-
line, brittle structure. A “micro- or nano-crystallline struc-
ture” 1s understood to mean a microstructure 1n which the
individual crystallites, the so-called “grains”, possess

dimensions 1n the micro- or nano-meter range. In particular
in the case of some ceramic materials, such as silicon
carbide, the grains can possess an elongated, needle-shaped
or plate-shaped morphology, In this case the primary axes of
the grains are of different length,

“Strength” 1s understood to mean the resistance with
which a material Opposes plastic deformation. The inven-
tive form of embodiment 1s primarily, but not exclusively,
used for the machining of brittle materials. Brittle materials
possess little or no tendency to deform 1n a plastic manner,
and are primarily characterised by a so-called brittle fracture
tailure. For this reason data regarding yield points, yield
strengths and tensile strengths are less meaningtul for brittle
materials. The stress at which an 1deal brittle material
fractures 1s designated as the breaking stress. Without enter-
ing into the exact diflerences between vyield points, tensile
strengths and breaking stresses in more detail, the inventive
machining of materials with yield points or breaking stresses
above 10 N/mm~ is preferred, preferably above 100 N/mm~,
more preferably above 1000 N/mm~, even more preferably
above 5000 N/mm~. The inventively preferred materials for
machining are:

metals, 1 particular

refractory metals, and/or
light metals, and/or
carbides, and/or
non-ferrous metals,
metal alloys,
ceramics, 1n particular
S1;,N,, h-BN, ¢-BN, w-BN, WC and/or W,C and/or
minerals
glasses, 1n particular
metallic glasses, and/or
ceramic glasses, 1n particular quartz

polymers.

In particular the average size of the chisels inventive
embedded 1n the matrix material 1s on average less than 1000
wm 1n cross-section, preferably less than 100 um, more
preferably less than 10 um, even more preferably less than
1 wm.

A large part of the volume of the chisels 1s 1n particular
embedded 1n the matrix material. Preferably more than 20%,
preferably more than 40%, more preferably more than 60%,
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6

even more preferably more than 80% of the volume 1is
embedded 1n the matrix material, that 1s to say, 1s surrounded
by the matrix matenal.

The average space between the chisels 1s designated as the
chip space, which primarily serves to accommodate the chip,
or chip fragments, or fragments of hard and brittle materials.
The average size of the chip space, that 1s say, 1n particular
the average distance between adjacent chisels, 1n accordance
with the mvention 1s 1n particular set within the order of
magnitude of the chips that are to be transported away,
preferably +/-20% of the average size of the chips. Above
all, 1n the case of nano- and/or microcrystalline materials,
whole grains of the order of magnitude of the chip space can
sometimes be broken out of the material. This 1s all the more
true, the more brittle the material that 1s being machined.

In accordance with the invention the rapid removal of the
generated chip from the chip space 1s also particularly
desirable, in order to keep the loading on the tool, the tool
surface and the machine tool to a mimimum. Therefore, 1n a
very much preferred form of embodiment, the chip 1s
removed from the intermediate space between tool and
workpiece at least as rapidly as 1t can be formed, or
preferably more rapidly. The quantity of chip received per
unit time, together with the size of the chip, depends on a
plurality of parameters. Thus a tool with a high feed rate will
rough-cut faster into the material than the chip can be
transported out of the chip space. The chip 1s transported out
of the chip space faster, the higher the cutting speed of the
tool. Therefore, the cutting speed 1n accordance with the
invention 1s 1n particular adjusted such that with a prescribed
feed rate the chip can be transported away sufliciently
quickly. In particular, the parameters are determined empiri-
cally.

In the 1deal form of embodiment the mventive tool 1s used
such that the chip, or chips, generated are on average less
than 10 times smaller (measured 1n particular as the average
diameter 1n each case, or as the longest diameter 1 each
case), are preferably less than 5 times smaller, are more
preferably less than 3 times smaller, than the average grain
s1ze ol the grains of the matenal of the workpiece; particu-
larly preferably they are as large as the average grain size.

The device 1s preferably adjusted such that whole grains
can be broken out of the surface of the workpiece. Here the
chip 1n question, or the chips generated, can on average be
smaller than the average grain size. In particular the chip, or
chips, generated on average are greater than 0.01, preferably
greater than 0.1, more preferably greater than 0.5, even more
preferably greater than 0.8, times the average grain size of
the grains of the material of the workpiece. By virtue of the
fact that many grains are formed 1n the shape of plates or
needles, and/or can fundamentally differ in their sizes, an
average grain diameter for the grain size 1s assumed, 1n
accordance with the invention. Here the average grain size
lies between 100 um and 1 nm, preferably between 50 um
and 10 nm, more preferably between 10 um and 0.1 pum,
even more preferably between 10 and 1 um. In accordance
with the mvention, the part of the chisel that projects out of
the matrix material 1s designated as the utilisation part. The
part of the chisel that 1s embedded and/or anchored 1n the
matrix material 1s designated as the anchor part. When
deployed 1n accordance with the invention, the utilisation
part 1s a mechanical lever, which can penetrate into the
structure of the workpiece and break out the grains.

The length of the utilisation part, that 1s to say, the average
distance between the outermost point of the chisel and the
tool surface, 1s designated as the average chisel exit length,
or the average utilisation part length. In particular the
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average utilisation part length 1s less than 1 mm, preferably
less than 100 um, preferably less than 10 um, more prefer-
ably less than 1 um.

In particular, the average distance between the microchis-
¢ls 1s less than 1 mm, preferably less than 100 um, preferably
less than 10 um, more preferably less than 1 um. In the 1deal
case up to 100% of the surface 1s populated with the
microchisels,

As a rule the tool radu1 are much larger than the average
distance between the microchisels on the tool surface. In this
manner a tool surface area of the size of the average distance
between two microchisels can be viewed as flat, and the
calculation of the chip space can be ascribed to the two
parameters of the chisel exit length and the average distance
between two microchisels. In particular, 1n accordance with
the invention the chip space is greater than 100 nm’,
preferably greater than 1 um>, more preferably greater than
10 um”, even more preferably greater than 100 um?, ideally
greater than 1 mm”.

The “cutting speed” 1s understood to be the velocity of the
chip-forming cutting edge 1n the cutting direction. The feed
rate 1s the velocity with which the tool 1s driven further into
the region of the workpiece that 1s being machined. Funda-
mentally, it 1s true to say that the feed rate can be increased
if the cutting speed 1s increased, without generating addi-
tional forces on the chisels.

In accordance with the invention, the frequency of a
movement period (for example, the rotation of a rotating
milling cutter or drll bit, or the oscillating movement of the
tool of a shaper), which 1s independent of any additional
oscillation (process-controlled axis excitation, see further
below) 1s 1n particular greater than 10 Hz, preferably greater
than 50 Hz, more preferably greater than 100 Hz, even more
preferably greater than 1000 Hz, ideally greater than 10,000
Hz.

From this frequency of the tool there ensues the cutting
speed v_. In particular, the cutting speed v 1s greater than 10
m/min, preferably greater than 1000 m/min, more preferably
greater than 2000 m/min, even more preferably greater than
3000 m/min, i1deally greater than 5000 m/min.

In combination with the above-cited inventive aspects,
further fundamental concept of the present invention
includes achieving an improved machiming action by pro-
cess-controlled axis excitation. In accordance with the
invention, during the engagement of the tool with the
workpiece, that 1s to say, during the machining action, an
oscillating inclined relative movement takes place between
the workpiece holder, and thus the workpiece, and the tool.
In particular the tool holder 1s comprised of at least two
parts, which can be set 1n oscillation relative to one another
along an inclined plane by means of oscillating agents. From
this two oscillation components ensue, namely a first oscil-
lation component 1n the feed direction of the tool, and a
second oscillation component transverse to the feed direc-
tion. Together with the cutting direction, which 1n particular
runs transverse to the first and/or the second oscillation
component, the inventive “chisel effect” 1s achieved, which
provides a significant acceleration of the machining process
with the same application of forces. The system for gener-
ating this effect 1s disclosed in the document W02012/
084779A1, to which reference 1s made 1n this respect. The
combination of a process-controlled axis excitation 1n con-
junction with the inventive tool is one of the main aspects of
the patent, and a clear differentiation from the prior art, in
that the tools here cited can be deployed, but have a very
high wear of the surface, in partlcular of the diamonds, after
a very short tool service life, since the force action necessary
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for the breakup of the structure as a result of the process-
controlled axis excitation 1s not present. Diamonds are,
moreover, very heat-sensitive and vaporise very easily at
high temperatures, particularly 1n an atmosphere containing
oxygen. In particular, therefore, cooling of the tool, 1n
particular of a diamond tool, 1s provided. The inventive tool
can operate particularly efliciently if cooling 1s used that
keeps the inventive tool at an operating temperature of less
than 500° C., preferably less than 300° C., more preferably
less than 100° C., even more preterably less than 50° C.

A better machiming action 1s achieved 1f the oscillation
frequency of the oscillation agents can be adjusted to be less
than 1 GHz, in particular less than 100 MHz, preferably less
than 1 MHz, more preferably less than 100 kHz, even more
preferably less than 1 kHz, ideally between 100 Hz and 600
Hz. In that, simultaneously or independently, the oscillation
amplitudes of the oscillation agents can be adjusted to be
<100 um, in particular <50 um, preferably <10 um, and
ideally between 1 um und 10 um, the machining action of the
device 1n accordance with one form of embodiment of the
invention 1s further improved. Ideally the oscillation ampli-
tude should always be chosen such that it 1s always less than
the average utilisation length L,, of the diamond.

The maximum oscillation amplitude of the first and/or the
second oscillation component 1s preferably as large as the
average utilisation length. The ratio between the oscillation
amplitude of the first and/or the second oscillation compo-
nent and the average utilisation length i1s less than 1,
preferably less than 1077, more preferably less than 107%,
even more preferably less than 107°, most preferably less
than 107°, ideally less than 107"°.

In general there are two general operating states of the
inventive tool that are very different from one another. The
first, imntended, and desired operating state takes the form of
oscillating machining of the structure with the aid of the
inventive tool, which calls upon the inventive chisel eflect,
in which machining takes place, at least predominantly, 1n
the form of removal of whole grains of the material. The
individual chips correspond therefore 1n particular to the size
of the grains of the material of the workpiece.

The second, unintended operating state takes the form of
a grinding down of the structure, that 1s to say, 1t 1s an
operating state 1n which the oscillation of the inventive tool
can no longer be maintained, 1s too strongly damped, or
breaks down. In this state an eflicient removal of the
structure 1s not ensured. This 1s 1n particular the case 11 the
feed rate 1s not large enough to bring about the inventive
chusel eflect, in which, 1n particular 1n conjunction with the
inclined oscillation movement, chips are broken out of the
material of the workpiece at least predominantly as whole
grains.

In the upward direction, that 1s to say, 1f the mventive
parameters for the feed rate are exceeded, the problem of
overheating can exist, so that in accordance with the inven-
tion 1n particular a parameter corridor 1s provided, 1n which
the cited chisel eflect 1s brought about.

In accordance with the ivention the tool 1s preferably
adjusted such that the tool remains in the oscillating state.

The frequency of a movement period takes the form 1n
particular of the rotational frequency of a milling cutter
about 1ts own axis. Above all i conjunction with the
equipment of known art from W02012/084779A1 the rota-
tional frequency and the feed rate must stand 1n a ratio with
one another such that the action of breaking up the structure
does not translate mto an action i which the structure is
ground down. The process-controlled axis excitation of

known art 1s added from the document W02012/084779A1,
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which introduces an additional oscillation component into
the system In accordance with the mvention these param-
cters can also be selected in conjunction with all other
parameters acting on the system such that at no point 1n time
does the tool make the transition into a grinding process, but
always oscillates relative to the structure with the described
chisel effect. In particular the necessary parameters and the
optimal sets of parameters are empirically determined,
wherein a time measurement of the chip flow and/or a grain
s1ze distribution of the chip are preferably evaluated.

It 1s particularly advantageous 1f, in accordance with one
form of embodiment of the invention, the oscillation agents
have piezoelements for purposes of generating the oscilla-
tion.

Further advantages, features, and details of the invention
ensue from the description of preferred examples of embodi-
ment, together with the aid of the figures.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a schematic representation of a form of
embodiment of the inventive system,

FIG. 2a shows a schematic plan view of a first inventive
surface of a tool with a high density of microchisels,

FIG. 25 shows a schematic side view of the surface along
the line of cut A-A 1n FIG. 2a,

FIG. 3a shows a schematic plan view of a second inven-
tive surface of a tool with a low density of microchisels,

FI1G. 3b shows a schematic side view of the surface along
the line of cut B-B in FIG. 3aq,

FIG. 4 shows a schematic representation of an Si,N,-
structure, and

FIG. 5 shows a schematic, enlarged representation of the
movement of an inventive chisel relative to the workplace.

DETAILED DESCRIPTION OF TH.
INVENTION

(Ll

FIG. 1 shows a schematically represented tool 1, not to
scale, (here a roughing milling cutter) with a tool surface 1o.
The tool experiences a feed 1n a feed direction v, and 1n the
particular form of embodiment rotates about an axis of
rotation R/tool longitudinal axis W. From the direction of
rotation a cutting direction s ensues along a workpiece
surface 4o of a workpiece 4 that 1s being machined.

The tool surface 1o of the tool 1 contacts the workpiece
4 on the workpiece surface 4o. The workpiece 4 1s mounted/
fixed on a workpiece holder 5. With regard to the workpiece
holder § reference 1s made to W02012/084779A1. The
workpiece holder 5 1s constructed such that it can allow the
workpiece 4 to oscillate along a plane E; the vector En
normal to the plane possesses an angle of inclination o to the
tool longitudinal axis W, and/or 1s inclined relative to the
feed direction v and/or the cutting direction s.

To this end the workpiece holder § 1s comprised of a first
oscillation element 8 and a second oscillation element 9
guided relative to the first oscillation element 8 along the
inclined plane E.

Oscillation agents, preferably in the form of piezoele-
ments 10, are provided in order to execute a movement of
the oscillation elements 8, 9 relative to one another.

The piezoelements 10 connect the two oscillation ele-
ments 8 and 9 with one another such that by means of a
reciprocal electrical loading of a piezoelement 10, a relative
movement takes place between the oscillation elements 8
and 9. By the electrical loading of the piezoelements 10 a

high-frequency oscillating movement between the two oscil-
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lation elements 8 and 9 1s possible. Needless to say, use of
mechanical, pneumatic or hydraulic elements would also be
conceivable; these would replace the piezoelements 10.

FIG. 2a shows an enlarged detail of the tool surface 1o of
the tool 1, comprised of a plurality of microchisels 3, here
diamonds. The distance L, characterises the distance
between two microchisels. Since the microchisels 3 in
general are not homogeneously distributed in the matrix
material 2, an average distance Lm 1s specified, which
represents the (arithmetically) averaged distance between
the microchisels 3.

FIG. 2b shows a cross-section through the tool surface 1o
along the line of cut A-A.

The tool surface 1o 1s comprised of a matrix material 2
and a multiplicity of chisels 3 embedded i1n the matrix
material 2,

The chisels 3 possess a utilisation part 3z projecting out
of the tool surface 1o, and an anchor part 3a embedded in the
matrix material 2. The average length of the utilisation part
3n 1s the utilisation length L., the average length of the
anchored part 1s L ,.

FIGS. 3aq and 35 show analogous schematic representa-
tions of a corresponding tool surface 1o, but with a lower
density/number of microchisels 3. The number of micro-
chiusels 3 per square millimeter 1s greater than 1, preferably
greater than 10', more preferably greater than 10°, even
more preferably greater than 10°, most preferably greater
than 10%, ideally greater than 10°.

FIG. 4 shows a schematic structure 6 of a high strength
material, here a ceramic. The schematic structure 6 prefer-
ably takes the form of a silicon nitride (S1,N ) structure. The
structure 6 1s in particular distinguished by grains 7 with an
clongated, 1n particular a needle-shaped, constitution. The
grains 7 perceived to be almost circular only appear to be
globular. In actual fact these are the same elongated grains
7. In the view (ground section) the grains 7 are lying such
that their longest axis 1s located approximately normal to the
grinding plane.

FIG. 5 shows the mventive eflicient machining of high-
strength, hard, and ultra-hard structures 6. The inventive
combination of a tool surface 1o with microchisels 3 pro-
jecting out of the matrix material 2, and the imposition of an
inclined oscillation, leads to the fact that the workpiece
surface 40 moves at a constant, and 1n particular a repro-
ducible, angle o relative to the microchisels 3. Upon contact
of the microchisel 3 with a grain 7 1n the workpiece surface
do, the grain 7 1s subjected to a horizontal loading with a
force component F,, and a vertical loading with a force
component F,. Here the following inventive aspects are of
inventive and decisive significance:

The movement of the workpiece holder 5, and with 1t the
workpiece 4 along the plane E, 1s independent of, and/or
transverse to the feed movement v and/or the cutting direc-
tion s, that 1s to say, the direction of rotation of the tool 1,
and can be adjusted in any manner.

The oscillation along the plane E, upon contact of the
microchisel 3 with a grain 7 of the structure 6 on the
workpiece surface 4o, always leads to the formation of a
horizontal and a vertical force component, 1n particular as a
result of a relative movement of two oscillation elements
along an inclined plane E, and

The forces that thereby result are added to the tool forces
of the moving tool 1, in particular to the cutting forces and/or
the feed forces,

The three points cited mean that the structure 6 experi-
ences a loading that releases the grains 7 out of the structure
6 with extremely high efliciency.
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While 1n the prior art the machining of a structure 6 as
represented, 1 particular a ceramic structure, up to the
present day has 1n general been possible, this has only been
with very rapid wear of the tool, very long machining times
and very low tolerances. As a result relatively high produc-
tion costs occur. The inventive tool uses a surface with
microchisels 1n order to bring about optimal chip formation.
The mventive tool operates particularly efficiently 1 con-
junction with the equipment from the document W02012/
084779A1. The most favourable machining of a workpiece
with the mnventive tool takes place if the workpiece 1s moved
in an oscillatory manner along an inclined plane with the aid
of the equipment from the document W02012/084779A1.

An mventively essential aspect includes primarily 1n
using the tool surface lo with microchisels 3 so as to
machine efliciently a workpiece surface 4o of a workpiece 4,
which has been fixed on a workpiece holder 5.

Here, 1n particular, the oscillation of the workpiece 4
along the inclined plane E 1s utilised so as to subject the

workpiece surface 4 to a horizontal and vertical force by
means of the microchisels.

LIST OF REFERENC.

L1

SYMBOLS

1 Tool

1o Tool surface

2 Matrix material

3 Microchisels

3n Outer part of the embedded material
3a Inner part of the embedded material
4 Workpiece

do Workpiece surface

5 Workpiece holder

6 Structure

7 Grain

8 First oscillation element

9 Second oscillation element

10 Piezoelement

v Feed direction

s Cutting direction

R Axis of rotation

W Tool longitudinal axis

E Plane of oscillation

En Normal to the plane of oscillation
o. Angle of inclination

L., Utilisation length

L., Anchor length

L, Distance

Lm Average distance

F ., Horizontal force action

F . Vertical force action

The 1nvention claimed 1s:

1. A system for machining a workpiece surface of a

workpiece, the system comprising:

a tool having a tool surface for the machining of the
workpiece surface 1 a feed direction v,

a workpiece holder for accommodating the workpiece,
wherein the workpiece 1s configured such that it can be
set 1nto oscillation by means of oscillation agents along
a plane of oscillation E inclined to the feed direction v,

wherein at least the tool surface 1s formed from at least
two diflerent materials, the tool surface including a first
material and a second material that projects out of the
first material with an average utilisation length, and

wherein an oscillation amplitude of the oscillation agents
1s less than the average utilisation length.
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2. The system 1n accordance with claim 1, wherein the
first material of the tool surface 1s a matrix material and the
second material of the tool surface 1s at least one chisel
embedded 1n the matrix matenal.

3. The system 1n accordance with claim 2, wherein the
matrix material 1s formed from one or more of the following

materials:

an alloy, a metal, a ceramic, and a carbon fibre composite

material.
4. The system 1n accordance with claim 2, wherein the at
least one chisel 1s formed from one or more of the following
materials:
a mineral, an alloy, and a metal.
5. The system 1n accordance with claim 2, wherein the
average size of the at least one chisel 1s less than 1000 um.
6. The system 1n accordance with claim 2, wherein more
than 20% of the volume of the at least one chisel 1s
embedded 1n the matrix materal.
7. A method for the achining of a workpiece surface of a
workpiece, the method comprising:
machining the workpiece surface with a tool having a tool
surface, formed from at least two different materials,
the workpiece surface being machined in a feed direc-
tion v,

oscillating a workpiece holder for accommodating the
workpiece along a plane of oscillation E inclined to the
feed direction v,

wherein the tool surface comprises a first material and a
second material that projects out of the first material
with an average utilisation length, and

wherein the workpiece holder 1s oscillated at an oscilla-

tion amplitude that 1s less than the average utilisation
length.

8. The system 1n accordance with claim 3, wherein the
alloy 1s selected from one or more of the following:

a steel, a carbide, a refractory metal and/or a metal matrix

composite materials (MMC).

9. The system 1n accordance with claim 8, wherein the
steel s a tool steel.

10. The system 1n accordance with claim 9, wherein the
tool steel 1s selected from one or more of the following:

a high-speed steel (HSS), a hot-working steel, and/or a

cold-working steel.

11. The system 1n accordance with claim 3, wherein the
metal 1s selected from one or more of the following:

a crystalline metal, a quasi-crystalline metal and/or an

amorphous metal.

12. The system 1n accordance with claim 4, wherein the
mineral 1s 1n elemental form.

13. The system 1n accordance with claim 12, wherein the
clemental form 1s a diamond.

14. The system 1n accordance with claim 4, wherein the
alloys are selected from one or more of the following:

a steel, a carbide, a refractory metal, and/or a metal matrix

composite material (MMC).

15. The system 1n accordance with claim 14, wherein the
steel 1s a tool steel.

16. The system 1n accordance with claim 15, wherein the
tool steel 15 selected from one or more of the following:

a high-speed steel (HSS), a hot-working steel, and/or a

cold-working steel.

17. The system 1n accordance with claim 4, wherein the
metal 1s selected from one or more of the following:

a crystalline metal, a quasi-crystalline metal and/or an

amorphous metal.
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